There is an important relationship between the stratospheric ozone layer and the absorption of potentially harmful ultraviolet-B radiationfram the sun. Chlorofluorocarbons and halogenated hydrocarbons are commonly used chemicals which are implicated in the depletion of the ozone layer. Of the anaesthetic agents, halothane has the greatest potential for depleting ozone although, when compared with the global use of other chlorofluorocarbons and halogenated hydrocarbons, its current contribution to the problem is relatively small.
exists with seasonal variations. Data from the Nimbus 7 satellite and ground-based stations indicate that column ozone (the amount of ozone present in a conical column of the stratosphere, perpendicular to the earth's surface), averaged between 53 degrees south and 53 degrees north latitudes, shows a decrease of about 2.5 per cent from October 1978 to October 1985.
In 1985 a hole was discovered in the ozone layer over Antarctica. This hole forms in September, and dissipates about eight weeks later due to changes in climatic conditions. During the summer of 1987, when the hole filled in, there was a pronounced short-term movement of ozone-depleted air over southern Australia resulting in UV levels reaching those normally experienced later in mid-summer. Total column ozone at all latitudes south of 60 degrees was lower in the Antarctic springtime in 1987 than in any previous year since satellite measurements began (late 1978). In October 1987, the monthly zonal mean amount of total ozone at latitudes 60, 70 and 80 degrees south was about 20%, 70% and 80% respectively less than in October 1979.
Effects of ozone depletion
Such a decline in ozone in the stratosphere could lead to a significant increase in nonmelanoma skin cancers, squamous and basal cell carcinomas, and certain types of malignant melanomas. UV-B has also been implicated as a causal facto~ in cutan~ous malignant melanomas. I In whIte populatlOns there is an inverse relationship between latitude and the incidence of these three forms of cancer with the relationship being ,
• 23 strongest for squamous cell carcmoma .. It is estimated that for each one per cent depletion of total-column ozone, the increase in carcinogenically effective UV-B is about 1.5 per cent. 4 Squamous and basal cell carcinomas may have respective increases of 2.9 per cent and I. 7 per cent. 5.6
For everyone per cent increase in UV-B, the incidence of cutaneous malignant melanomas will increase by 0.3 to 0.5 per cent, while mortalities will increase by 0.2 to one per cent. 7 The incidence of posterior subcapsular and cortical cataracts is directly related to the cumulative exposure to UV_B.8 On the basis of epidemiological data, for every one pe~ cent decrease in stratospheric ozone there wIll be an increase in cataracts by 0.3 to 0.6 per cent. 9 , IO Although not fully understood, the total cumulative effect of UV irradiation may also suppress certain immune functions. The UV-B portion of the UV spectrum has been found to suppress, both locally and systemically, the immune response to antigens administered via the skin in man and animals. I I
Ozone and anaesthetic agents
The catalytic destruction of ozone in the stratosphere is enhanced by many chemicals including chlorofluorocarbons, halogenated hydrocarbons and nitric oxide.
Chlorofluorocarbons and halogenated hydrocarbons are anthropogenic chemicals that have been widely used as solvents, refrigerants, in foam production, f.ire protection and specialist uses includmg anaesthesia. These applications benefit from Anaesthesia and Intensive Care, Vol. 18. No. I, Februar)" 1990 the low toxicity and flammability of these chemicals. Since the 1950s several halogenated hydrocarbons have been introduced into use in anaesthesia, and are now widely applied. Halothane, enflurane and isoflurane are all halide derivatives of ethane or ethyl methyl ether.
Chlorofluorocarbons and halogenated hydrocarbons vary in their ozone-deI?l.eting potential. This is a function of the stabIhty of the molecule its lifetime in the stratosphere and its breakdown products. The catalytic destruction of ozone depends on the halide breakdown products, in the order bromide > chloride > > fluoride. Fluorine radicals do not react significantly with ozone. Enflurane and isoflurane are relatively reactive hydrocarbons due to the presence of the ether link and would be expected to break down bef~re reaching the stratosphere. Halothane is more stable, however, although the presence of the hydrogen atom makes it susceptible to destruction by naturally occurring hydroxyl radicals which, together with photolysis, means that only some 1 % of released halothane will have sufficient lifetime in the . h 12 stratosphere to react WIt ozone.
Although no exact measurements or calculations have been published for halothane (CF -CHBrCl), using the chlorofl uorocarbdn homologue CFC-123 (CF -CH Cl ) as a guide, the estimated ozone depletion potential for halothane is 0.05 as compared to CFC-l1 (CC~F) and CFC-12 (CCl F) which have values of 1.0. In
2.'
additIOn, both halothane and CFC-123 have estimated lifetimes in the stratosphere of between one and five years compared to 77 years with CFC-ll and 139 years with CFC-12.13,14 The latter two chlorofluorocarbons are probably responsible for 70% of all ozone depletion,15 and represent 630,000 of the 1 000 000 tonnes of chlorofluorocarbons ~anufactured annually. 14 Considering the annual production of 1000 tonnes of halothane, together with the oth~r ~actors mentioned above, the current contnbutIOn by halothane to ozone depletion has been estimated to be less than 0.001%.14 Nitric oxide (NO) is a principle catalyst for ozone destruction and its existence in the stratosphere is largely derived from photolysis of nitrous oxide 16 which, compared with CFC-11, has an estimated ozone depletion potential of 0.0 1. The estimated yearly flux of nitrous oxide is 210. Mtonnes, most being derived from anaerobic denitrification in the soil 17 and therefore beyond any means of control. Medical use of nitrous oxide probably contributes less than 1 % of the total nitrous oxide flux, a figure similar to that produced by vehicle exhaust emission (estimated at 0.1 Mt per year in the U.S.A.) 18 Nitrous oxide, by virtue of its ability to absorb thermal infrared radiation from the earth, contributes to the maintenance of the warm surface temperature (average about 13°C) of the planet so essential for life. Carbon dioxide is the principal gas in this process and it is the gradually increasing amount of this gas in the atmosphere since the industrial revolution which is giving rise to the 'greenhouse effect'. Nitrous oxide contributes a warming effect of about 14% of that provided by carbon dioxide. 19 CONCLUSION The anaesthetic use of halothane and nitrous oxide does not pose a major threat to the ozone layer but anaesthetists do need to be sensitive to the health concerns associated with the continued use of such anaesthetic agents. Their valuable place in the armamentarium of the anaesthetist is recognised and no regulations are expected to control their use in the foreseeable future.
Anaesthetists and other health professionals should endeavour to guard against any unnecessary use of ozone-depleting chemicals in their practice, with particular attention being paid to the use of aerosols containing chlorofluorocarbon propellants. Care should also be exercised in the use of halothane with high-flow open or semi-open anaesthetic circuits.
